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Dans de nombreux pays l e s  mesures du régime hydrique des  s o l s  
sont  r a r e s  e t  son e s t ima t ion  au moyen des données c l i n s t i q u e s  ne peut 
s e  f a i r e  que pour un nombre l i m i t é  de s t a t i o n s  météorologiques. 11 
e s t  a l o r s  malaisé de d é l i m i t e r  avec une approximation s u f f i s a n t e  l e s  
régions ayant  un régime hydrique donné. C 'es t  l à  une d i f f i c u l t 6  pour 
l ' u t i l i s a t i o n  de l a  Taxonomie américaine des s o l s .  
Le t e x t e  r appe l l e  d 'abord l a  d é f i n i t i o n  des régimes hydriques 
s e l o n  l a  Taxonomie américaine e t  l e  pr inc ipe  de leur  e s t ima t ion  au 
moyen des  données cl imat iques.  
Les paragraphes su ivan t s  exposent l e s  r e l a t i o n s  qui e x i s t e n t ,  
dans qua t re  pays arabes  B c l imat  de type méditerranéen, e n t r e  l e s  
c l a s s e s  de régime hydrique estimé e t  a) l a  pluviométrie moyenne annuel- 
l e ,  b) l e s  subdiv is ions  biocl imat iques des systèmes d'Emberger e t  de 
Ragnouls e t  Gaussen. 
De t e l l e s  r e l n t i ó n s  permettent,  povr un pays donné, d ' u t i l i s e r  
l e s  c a r t e s  pluviométriques e t  bioclimntiques dans l e  but  d ' m é l i o r e r  
l e  t r a c é  des  l i m i t e s  e n t r e  l e s  rég ions  8 régimes hydriqaes d i f f é r e n t s .  
ABSTRACT 
In  many count r ies  measured d a t a  concerning t h e  S o i l  hloisture 
Regime (ShfR) a r e  scarce ;  furthermore t h e  ShfR es t imat ion  by means of  
c l imnt ic  d a t a  i s  poss ib l e  only f o r  a somewhat l imi t ed  number of meteo- 
r o l o g i e s l  s t a t i o n s .  A s  a consequence it i s  not  easy t o  draw boundary 
l i n e s  between areas  mith d i f f e r e n t  SMR. This i s  a d i f f i c u l t y  freqnent- 
l y  met with when us ing  t h e  U.S. S o i l  Taxonomy. 
I n  a f i r s t  p a r t  t h i s  pnper s h o r t l y  r e c a l l s  t h e  d e f i n i t i o n  of  t he  
S o i l  Moisture Regimes according t o  S o i l  Tmonomy and s t a t e s  t h e  prin- 
c i p l e s  of t h e i r  e s t ima t ion  by means of c l ima t i c  data.  
' The fol lowing paragraphs dea l  with the  r e l a t i o n s h i p s  found, f o r  
some a r s b  count r ies  wi th  mediterranean cl imate ,  between the  c l a s ses  
of est imated ShlR and a) t h e  average annual p r e c i p i t s t i o n ,  b) t h e  
biocl imste  according t o  t h e  b ioc l imat ic  c l a s s i f i c a t i o n s  of Einberger 
and of  Bagnoulls and Gaussen. 
c i p i t a t i o n  maps and b ioc l ima t i c  maps i n  order t o  mark with R b e t t e r  
accuracy t h e  boundaries between reg ions  with d i f f  ererrt ShR. 
Such r e l a t i o n s h i p s  a l low t o  use, i n  a given country, Annual pre- 
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hilots-cl6s: Régime hydrique des s o l s .  Est imat ion par  donn6es climn,ti- 






I. In t roduct ion  I '  
2 .  The S o i l  Moisture Regimes according t o  "Soi l  Taxonomi)."; 
d e f i n i t i o n s  
2.1. S o i l  Moisture Control Sec t ion  
2.2. Moisture and Dryness 
2.3. S o i l  Temperature C r i t e r i a  
2.4. Classes of  S o i l  Moisture Regime 
2.5. Remarks 
Climatic  da t a  
3.1. P r i n c i p l e  of es t imat ion  of t he  m o i s t  and dry 
per iods i n  the  moisture con t ro l  s e c t i o n  
3.2. Newhall's method 
3.3. Graphic method 
3.4. S o i l  temperature es t imat ion  
3.5. Resul t s  of SMR estimation. Remarks 
and average annual P r e c i p i t a t i o n  
4.1. Estimated SMR and mean annual P r e c i p i t a t i o n  . 
and A i r  Temperature 
4.2. Estimated Sm, "dry i n  a l l  pa r t s "  period of t h e  
moisture cont ro l  s e c t i o n  and mean annual p r e c i p i t a t i o n  
4.3. Comparison of t h e  r e l a t i o n s h i p s  found for Syr ia ,  
Lebanon, North Morocco and Tunis ia  
Biocl imat ic  c l a s s i f i c a t i o n s  
5. I. Estimated SMFt and Mediterranean Bioclimatic 
S tages  of Emberger 
5.2. Estimated SMR and Mediterranean Bioclimates of 
Bagnouls and Gaussen 
3. Estimation of t h e  S o i l  Moisture Regime by means of 
4. Relat ionships  between estimated S o i l  Moisture Regime 
5. Tenta t ive  r e l a t i o n s h i p s  between estimated SMRt-and 
6 .  Some conclusions 
References 



















9 -  
10 
ci 
The S o i l  Moisture Regime estimated by means of 
Cl imat ic  data.  I ts  r e l a t ionsh ips  with Annual R a i n f a l l  and 
with Biocl imat ic  C las s i f i ca t ions  under Mediterranean 
Climatic conditions.  
I 0 INTRODUCTION 
The S o i l  Moisture Regime i s  the  succession of t h e  moisture con- 
d i t i o n s  i n  t h e  var ious  s o i l  layers during t h e  successive seasons of 
t h e  year.  
temperature l e v e l  i n  the  s o i l  l aye r s  throughout t he  year. 
- t o  understand and exp la in  the  pedogenesis, i .e. t he  development 
( p a s t  and present)  of  t he  s o i l  physical  and chemicel p rope r t i e s ;  
- t o  achieve R successfu l  management of farming i n  r a in fed  areas .  
Water and h e a t  a re  most impor$nnt f a c t o r s  f o r  t he  chemical, physico- 
chemical and b io logica l  a c t i v i t i e s .  
any l eve l ,  some c r i t e r i n  r e l a t e d  t o  t he  S o i l  Moistlire and Temperatura 
Regimes. Most s o i l  c l a s s i f i c a t i o n s  include such c r i t e r i a ,  one way o r  
another. The French c l a s s i f i c a t i m  (1967) def ine  t h e  s u b c l a s s e s  
(second higher  l eve l )  by re ference  t o  t h e  "pedoclimatic" conditions,  
a syn thes i s  of t he  s o i l  regimes f o r  moisture, temperature, r e d  - ox 
condi t ions and s o i l  s o l u t i o n  concentration. The Canadian clr tss i f  i c a  - 
t i o n  (1978) introduce t h e  s o i l  moisture regime a t  b lower  c l a s s  ( s o i l  
family);  e t  c e t e r a  ... . 
present  S o i l  Moisture and Temperature Regimes i n  t h e  m o s t  systematic  
way, a t  high c l a s s i f i c a t i o n  levels and with prec ise  q u a n t i t a t i v e  cri- 
t e r i a .  I n  t h i s  paper it rill be d e a l t  only with t h e  S o i l  Moisture 
Regime (SMR) as defined i n  the  U.S.%oil Taxonomy". 
Likewise t h e  S o i l  TemperRture Regime i s  t h e  succession of t he  
The knowledge of these  regimes i s  important: 
Therefore it seems normal f o r  B s o i l  C l a s s i f i c a t i o n  t o  use, a t  
I 
However it i s  t h e  r ecen t  U.S. S o i l  Taxonomy (1975) which uses t h e  
2. THE SOIL MOISTURE REGIMES ACCORDING TO "SOIL TAXONOMY" DEFINITIONS. 
The SMR a r e  def ined by the  length of moist  and dry per iods i n  a 
s o i l  cont ro l  s e c t i o n  and, i n  addi t ion,  by some s o i l  temperature c r i t e -  
r ia.  
2.1. S o i l  Moisture Control Sec t ion  (MCS). "The upper boundary of t h e  MCS 
is  t h e  depth t o  which B dry  (water t ens ion  > I5 bars but n o t  a i r  dry) 
s o i l  rill be moistened by 25 mnr of water wi th in  24 hours. The lower 
boundary i s  t h e  depth t o  which a dry s o i l  w i l l  be moistened by 75 mm 
of w a t e r  wi th in  48 hours. These depths a r e  exclusive of  t h e  depth of 
moistening along any cracks o r  animal burrows t h a t  are open t o  t he  
su r f  ace". 
t e r i s t i c s  which determine t h e  s o i l  Available Water Capacity (AWC). As 
a rough approximation the  depth of t he  upper and lower boundaries are: 
- i n  f i n e  loamy, s i l t y ,  clayey s o i l s :  I O  - 30 cm; 
- i n  coarse loamy s o i l s :  20 - 60 cm; - i n  sandy s o i l s :  30 - 90 cm. 




If the  s o i l  i s  shallow over R hard rock o r  indurated layer ,  t h e  ' 
lower boundary of t h e  M C 9 ' i s  t he  upper l i m i t  of t he  hard mater ia l .  In 
t h i s  case i t  needs less than  75 mm of water t o  moisten t h e  s o i l  down 
t o  t h e  lower boundary. 
2 . 2 .  Moisture and Dryness. The s o i l  is  "moist" i f  it holds w a t e r  a t  a 
t ens ion  4 I5 bars  ( ava i l ab le  waxer). This implies  t h a t  t h e  water con- 
t e n t  of the"moist" s o i l  may vary widely, between s a t u r a t i o n  and t h e  
w i l t i n g  point .  
(Suah 
is then  considered phys io logica l ly  dry.) 
depth) o r  "dry i n  a l l  parts", or"moist i n  some par t"  (which i s  equiva- 
l e n t  t o  "dry i n  some par t" ) .  
The lenght  of t h e  m o i s t  and dry periods of t h e  MCS i s  measured 
by a number of e i t h e r  consecutive o r  cumulative drtys. Under mediterra- 
nean c l ima t i c  condi t ions t h e  moist  period as w e l l  as t h e  dry  per iod 
a r e  normally composed of consecutive drtys. 
- ,The Idean Annual S o i l  Temperature (WT); It  m a y  be obtained by mea- 
throughout t h e  year. 
- The Difference (DIF) between t h e  mean summer and winter s o i l  tempe- 
r a t u r e s a t  50 cm depth ( o r  a t  a l i t h i c  o r  p a r a l i t h i c  contact).* 
- The per iods during which the  s o i l  temperature a t  50 cm depth (ST 50) 
i s  e i t h e r  > SOC o r  between 8 and 5 O C  o r  < 5 O C .  They m a y  be deduced . 
from the  curve of t he  mean monthly s o i l  temperature a t  5 0  cm depth. 
2.4. Classes of S o i l  hfoisture Regime. The c r i t e r i a  of d e f i n i t i o n  f o r  t h e  
SMR classes (except  Aquic) are put  i n  a comparative way i n  Table I. 
- Arid ic  ( =  Torric)  : t h e  moisture regime of a r i d  regions and p a r t  of 
t h e  semi-arid regions;  i n - s t  years ra infed  c u l t i v a t i o n  is n o t  pos- 
a i b l e ;  t h e r e  is no leaching;  so luble  salts accumulate. 
- Xeric: t h e  typ ic  moisture regime of regions with mediterranean c l i -  
m a t e ,  i .e. cool or  cold r a iny  winter ,  warm and dry summer. The r a i n f a l l ,  
coming i p  winte&hen evapot ranspi ra t ion  i s  minipun, is  p a r t i c u l a r l y  
e f f e c t i v e  f o r  leaching. 
- Udic: occurs i n  regions of humid cl imste  (temperate o r  t r o p i c a l )  
wi th  w e l l  d i s t r i b u t e d  p r e c i p i t a t i o n  throughout t he  year.  Water moves 
down through t h e  s o i l  a t  l e a s t  a t  some t i m e .  
The s o i l  i s  rldrylf i f  it holds only w a t e r  a't a t ens ion  3 I5 bars.' 
high tens ion  may occur i n  moist  but very s a l t y  s o i l e ,  t h e  s o i l  
The MCS may be % o i s t  i n  a l l  par t s"  ( i .e .  throughout i t s  whole 
1 
2.3? S o i l  Temperature Criteria. These are:  
' su remenka t  a minimum depth of 50 cm made a t  r egu la r  t i m e  i n t e r v a l s  
*MAST and DIF are a l s o  used i n  t h e  U.S. S o i l  Taxonoqy t o  de f ine  t h e  
So i  1 Temperature Regime (STR) ; f o r  ins tance  : 
MAST = 0-8OC 8 - 1 5 O C  15-22OC > 22oc 
wi th  D I F > 5 O C ,  STR: f r i g i d  mesic thermic hyperthermic 
wi th  D I F <  5 O C ,  STR: i s o f r i g i d  isomesic isothermic isohyperthermic 
. I  
AR1 O IC 
(=Tsrr¡c) 
I I I I when ST, > 8.C 




Table-t - Definition o f  the soil moisture reqime . classes 
(except Aquic) according t a  Soil Taxonomy 
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- Ust ic :  intermediate  between Aridic  and Udic. The moisture i s  l i m i -  
t e d  but  i s  present  a t  a time when condi t ions a r e  s u i t a b l e  f o r  p l a n t  
growbh. Normally i n  regions wkth r a i n f a l l  dur ing  a w a r m  season. 
- Aquic: t h i s  regime implies reducing condi t ions;  t he  s o i l  i s  f r e e  of 
d i sso lved  oxygen because it i s  s a t u m t e d  ( a t  l e a s t  temporaryly) by 
ground w a t e r  o r  by water of t h e  a a p i l l a r y  f r inge .  
2 . 5 . Remarks. 
- R e s t r i c t i v e s  condi t ions:  "The d e f i n i t i o n  of the  SMR app l i e s  only t o  
a o i l s  under ne tu ra l  condi t ions,  i .e .  non i r r i g a t e d  o r  non frrllowed t o  
inc rease  t h e  amount of s to red  water. These c u l t u r a l  p rac t i ces  a f f e c t  
t h e  s o i l  moisture condi t ions as long as they a r e  continued." 
- It  must be noted t h a t  t h e  moisture condi t ion of t h e  sur face  layer  
(above t h e  cont ro l  s ec t ion )  i s  no t  taken i n t o  account. This m a y  in t ro-  
duce some discrepancy between t h e  p l a n t  growing period and t h e  moist  
per iod of t h e  con t ro l  sec t ion .  
- The d e f i n i t i o n  of t h e  SMR c la s ses  i s  based on the  knowledge of mois- 
ture regimes i n  w e l l  s tud ied  s o i l  s e r i e s  i n  t h e  U.S.A.. It is poss ib le  
t h a t  i n  some cases they do not  exac t ly  fit  t h e  s o i l  moisture condi t ions 
of o ther  countr ies .  Some f u t u r  changes i n  t h e  d e f i n i t i o n s  are not  ex- 
cluded. 
3. ESTIMATION OF THE SOIL MOISTURE REGIME By MEANS O F  CLIMATIC DATA. 
To know accura te ly  t h e  s o i l  moisture regimes of a given country 
it would be necessary t o  make f i e l d  measurements of soi1 moisture and 
temperature during seve ra l  years and i n  a number of s t a t i o n s  represen- 
t a t i v e  of  var ious  s o i l  and cl imate  conditions.  This is  a se r ious  d i f f i -  
cu l ty ;  i n  many count r ies  t h e r e  i s  no or  only few measurements of t h a t  
kind. What then i f  t h e  s o i l  s c i e n t i s t s  of these  count r ies  want t o  em- 
ploy the  U.S. S o i l  Taxonomy which i s  now widely used as one of t h e  
re ference  c l a s s i f i c a t i o n s  ? Here t h e  agrometeorologist  comes t o  assist 
t h e  pedologis t .  The d i f f i c u l t y  is  turned by es t imat ing  t h e  SMR by means 
of c l ima t i c  data .  A s  a matter  of f ac t , " the  i n t e n t  i n  def in ing  t h e  mois- 
ture  cont ro l  s e c t i o n =  t o  f a c i l i t a t e  such method of estimakion". 
3.1. P r i n c i p l e  of es t imat ion  of t h e  moist  and dry  periods i n  t h e  MCS. 
1 
The d a t a  t o  be used are:  t he  average monthly va lues  of Prec ip i ta -  
t ion ,  P, and of P o t e n t i a l  Evapotranspiration, PE. As t he re  are only . 
f e w  a v a i l a b l e  measurements of evapotranspirat ion,  PE i s  mos t ly  estima- 
t e d  by means of c l ima t i c  data.  There a re  seve ra l  methods f o r  PE e s t i -  
mation, each of which has some shortage.  The simpler i s  t h a t  of 
Thornthwaite based on average monthly air temperature and day lenght.  
and semi-arid regions b e t t e r  resul-ts as compared with measured PE, bu t  
they need d a t a  whiah are not  ava i l ab le  i n  a l l  t h e  s t a t ions .  
The p r i n c i p l e  of es t imat ion  of t h e  moist  and dry per iods i n  t h e  
MCS is as follow. 
a) For each month ( o r  part of month) t h e  d i f f e rence  (P - PE) i s  calcu- 
l a t ed .  Beginning f r o m  t h e  month'when P becomes > PE t h e  d i f f e rences  
(P - PE), f i r s t l y  posi t ive then negative,  a r e  added up. The cumulative 
results are used t o  draw a curve (Fig.1, curve S) which represents  t h e  




evolu t ion  of t h e  ava i l ab le  w a t e r  s to red  i n  t h e  s o i l .  
. '.I 
b) When t h e  amount of s to red  water increases ,  t he re  i s  a wet t ing  f r o n t  
progressing downwards i n  the  s o i l .  According t o  t h e  d e f i n i t i o n  of  t h e  
MCS ( 5  2.1) when t h e  s o i l  has s to red  25 mm of w a t e r  t h e  wet t ing f r o n t  
has j u s t  reached t h e  upper boundary of t he  MCS. 
Between 25 and 75 mm , during t h e  descent of t h e  wet t ing f r o n t ,  
t h e  MCS is "moist i n  some part".  
A t  75 mm of s t o r e d  water t h e  lower boundary of t he  hKS i s  r e w h e d  
and from t h i s  t i m e  onwards the  MCS i s  " m o i s t  i n  a l l  parts". 
The i n t e r s e c t i o n  of curve S with hor izonta l  l i n e s  corresponding t o  
25 and 75 mm i n d i c a t e  t h e  beginning of t he  per iods when t h e  M C S  is 
first p a r t l y  then completely moist. 
c)  When P becomes < PE, t h e  drying of the  s o i l  progresses roughly as 
follows. A t  f i r s t  t h e  s o i l  d r i e s  progressively i n  a l l  i t s  l aye r s  (above, 
i n s i d e  and below t h e  MCS) but t he  w a t e r  remains held R t  t ens ion  < I5 
bars  and consequently t h e  MCS remains m o i s t  i n  a l l  pa r t s .  Then, begin- 
ning from t h e  surface,  t h e  s o i l  d r i e s  up t o  a t ens ion  & I5 bars  and a 
drying f r o n t  progresses  downwards. 
The MCS becomes Ildry i n  some pa r t "  when i t s  upper boundary has 
.been reached by the  drying f ron t .  This occurs approximativelyl 'after 
75 mm of PE i f  t he re  i s  no add i t iona l  precipi ta t iont l .  
t h e  MCS becomes "dry i n  a l l  parts".  
A t  last  when t h e  amount of s to red  water becomes equal t o  zero 
3.2. Newhall's method. 
I t  is one of t h e  m o s t  used computntion method. I t  i s  barJed on t h e  
fol lowing assumptions (R.Tavernier and A. Van Vambeke, 1976) : 
- R a i n f a l l  d i s t r i b u t i o n .  The monthly p r e c i p i t a t i o n  i s  divided i n  two 
equal pa r t s :  I) a s i n g l e  storm f a l l s  on the  15th  of t h e  month and pene- 
t ra tes  i n t e g r a l l y  i n t o  the  s o i l ;  2)  t he  other  ha l f  fa l ls  i n  s m a l l  sho- 
vers, uniformly d i s t r i b u t e d  throughout t h e  f i r s t  and t h e  second h a l f s  
of t h e  month, and only t h e  p a r t  exceeding PE penet ra tes  i n t o  t h e  s o i l .  
- The s o i l  AWC i s  200 nnn ( s o i l  depth of approximately I50 cm f o r  a 
fine-loamy p a r t i c l e  s i z e ) .  The water i n  excess i s  considered as l o s t  
by pe rco la t ion  or  ran-off. I n  addi t ion,  ,the s o i l  i s  supposed wel l  drai-  
ned, without groundwater and without surface c r u s t  o r  i n s i d e  layer 
hindering water penetrat ion.  
- P o t e n t i a l  evapot ranspi ra t ion  is  estimated by Thornthwaite's method. 
- During t h e  drying period, t h e  -amount of energy required t o  remove one 
u n i t  of w a t e r  increases  when t h e  amount of water remaining i n  t h e  s o i l  
decreases,  and a l s o  with t h e  depth of t h i s  remaining water. 
Newhall's method uses  a mathematic model which ensbles  t o  achieve 
t h e  ca l cu la t ions  by means of an e l e c t r o n i c  computer. The inputs  a r e  
only t h e  average monthly p r e c i p i t a t i o n  and a i r  temperature. An exemple 
of p r in t ed  output  i s  given i n  Appendix I. ', 





3.3. Graphic method. The method developped i n  0 3.1 and Fig.1 i s  usefu l  
f o r  es t imat ion  of a l imi t ed  number of SMR. For t h e  ca l cu la t ion  onemay 
use e i t h e r  t h e  same assumptions (rainfall d i s t r i b u t i o n ,  ATVC, PE) than  
i n  Newhall's method o r  other  ones. This method does not take  i n t o  
account a n  increase  of energy of PE when t h e  ava i l ab le  w a t e r  is  low. 
However t h e  r e s u l t s  are not  f a r  f r o m  those of Newhall*and t h e  clames 
of es t imated r e s u l t s  a r e  the  same. 
f o r  a l imi ted  number of s t a t i o n s .  I n  most cases t h e  s o i l  temperfitures 
requi red  as c r i t e r i a  i n  t h e  SMR d e f i n i t i o n s  (0 2.3) must be est imated 
from air temperature. 
I n  Syr i a ,  Lebanon and Jordan  t h e  average r e l a t i o n s h i p s  between 
measured s o i l  and air  temperatures were computed (Y.O.A.El Kawasma, 
1979; P.Billaux, 1980) : 
- annual: MAST = MAAT + 2OC - s u m m e r :  MSST(50 cm) = MSAT + I 9 Q 0 C  - winter :  MWST (50 cm)æ MWAT + 2.5OC (Syr ia  plus  Jordwn) 
= MWAT + 1.7OC (Syr ia  plus  Lebanon) 
- Average monthly re lRt ionships  between s o i l  temperature a t  50 cm depth 
and a i r  temperature were a l s o  computed. It i s  noteworthy t h a t  during . 
winter  t h e  STEiO i s  always higher than ;the a i r  temperature by a f e w  
degrees C. 
For  ins tance  S o i l  Taxonomy proposes f o r  t he  U.S.A.: 
MAST = MAAT + I O C ,  and MSST = MSAT - 0,6OC. 
Likqwise, some temperature r e l a t i o n s h i p s  used i n  t h e  computation pro- 
gram f o r  Newhall's method d i d  not  f i t  wel l  with the  da t a  oljtained i n  
S y r i a  and Lebanon: D I F  es t imat ion  w a s  too s m a l l  and the  est imated s o i l  
temperature a% 50 cm depth i n  winter  was  t o o  low (Appendix I). 
r e l a t ionsh ips .  
used, t h e  r e s u l t s  appear as lenghts  of m o i s t  and dry periods of t h e  
MCS. By comparing these  per iods ( toge ther  with t h e  s o i l  temperatures) 
with t h e  c r i t e r i a  of SMR c la s ses  ( 9  2.4) t h e  SMR es t imat ion  i s  obtained. 
Fig.2 shows examples of r e s u l t s  fo,r some s t a t i o n s  of Arab count r ies  
under mediterranean c l ima t i c  conditionsw. I n  such count r ies  t h e  esfi-' 
mated SMR. are mostly Xeric  and Aridic,  occasional ly  U s t i c .  
I 
3.4. S o i l  teniperatures es t imat ion.  S o i l  temperature d a t a  a r e  ava i l ab le  
I n  o ther  count r ies  t h e  measured r e l a t ionsh ips  may be d i f f e r e n t .  
It is  advisable  t o  use reg iona l  r a t h e r  than general  temperature 
3.5. Resu l t s  of S o i l  Moisture Regime estimation. Whichever method i s  
* For t h e  s t a t i o n s  of S y r i a  and Lebanon t h e  "moist i n  some pa r t "  
per iod  of t h e  MCS, a t  t h e  end of t h e  drying process, i s  s h o r t e r  by an 
average of e leven days a s  compared with Newhall's method. 
**  Computation with PE according t o  Thornthwaite and wi th  monthly 
r a i n f a l l  d i s t r i b u t i o n  according t o  Newhall assumption. 
. 
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Remarks. a) The apparent p rec i s ion  of da tes  and number of days must 
no t  lead  t o  f o r g e t  t h a t  these r e s u l t s  a r e  only est imat ions depending 
on the  o r i g i n a l  hypotheses ( 6  3.2). Besides, t h e  monthly va lues  of 
p r e c i p i t a t i o n  used f o r  t h e  computation a r e  average da ta  which h ide  
l a rge  in te rannual  va r i a t ions .  Moreover, t he  S o i l  Moisture Regime is  
only a p a r t i a l  func t ion  of climate3 o ther  f a c t o r s  in te r fe re , such  as 
t h e  p o s i t i o n  i n  the  landscape, t h e  runoff,  seepage,... . 
b) I n  most cases t h e  computation r e s u l t s  allow t o  place t h e  estimated 
SMR of a s t a t i o n ,  without  h e s i t a t i o n ,  i n s i d e  one of the  SMR classee  
def ined i n  S o i l  Taxonomy. However there  a r e  some cases which do n o t  
meet w e l l  t h e  d e f i n i t i o n s  of S o i l  Taxonomy. An ins tance  i s  g iven  by 
t h e  s t a t i o n  of Kharabo (Syr ia ;  Fig.2) t h e  est imated SMR of which i s  
n e i t h e r  Ar id ic  nor Xeric  nor Us t i c ;  such SMR w i l l  be c a l l e d  i n  t h i s  
paper: " intermediate  between Ar id ic  and Xerictt.  * 
c)  I n  each of t he  SMR c la s ses  defined by S o i l  Taxonoqy t h e r e  is, as a 
mat te r  of f a c t ,  a range of d i f f e r e n t  moisture regimes. This i s  evident  
f o r  Xeric  (Fig.2: Damascus and Kassab) as w e l l  as f o r  Aridic  (Fig.2: 
Tataouine and Tapoudannt) and Us t i c  ( see  Fig.9). Some subdivis ions are 
necessary; they  are under s tudy a t  t h e  present  time, p a r t i c u l a r l y  i n  
t h e  In t e rna t iona l  Committee on Moisture Regimes i n  the  Tropics 
(ICOMMORT). For ins tance  an  ttF2&reme Aridic" SMR has been proposed, i n  
which t h e  MCS is  completely dry during t h e  whole yettr. 
4. RELATIONSHIPS BET\yEEN ESTIMATED SOIL MOISTURE REGIhff!, AND A W A G E  
ANNU& PRECIPITATION. 
An important u t i l i z a t i o n  of s o i l  c l a s s i f i c a t i o n s  l i e s  i n  s o i l  
mapping. I t  r a i s e s  a d i f f i c u l t  problem: how t o  extend t o  s o m e t i m e s  
large a reas  the  SMR est imated from the  l o c a l  da t a  of meteorological 
s t a t i o n s  ? I t  i s  clear t h a t  t he  g rea t e r  t he  number of lo-cal estima- 
t i o n s  t h e  easier the  drawing of boundaries between areas  with d i f f e -  
r e n t  SMR. Now, i n  many countr ies ,  ou t  of t he  t o t a l  number of meteoro- 
l o g i c a l  s t a t i o n s ,  only a p a r t  sypply da t a  which enable t o  es t imate  
t h e  SMR (Table 2) .  
Table 2 
Meteorological S y r i a  Lebanon Tunis ia  North Morocco 
s t a t i  ons (1977) (1972) (1976) (1976) 
Tota l .  number I73 I 3 7  83 301 
Only P d a t a  ava i l ab le  75 73 30 190 
Data allowing SMR esti-  
mation: . with PE Thornthwaite 98 64 53 III . with PE Penman I2  2 8 9 
* I t  must be noted t h a t  i n  the  d e f i n i t i o n  of some s o i l  sub-groups i n  
t h e  U.S. S o i l  Taxonomy, t h e  ShB i s  described as "Aridic bordering Xeric" 
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It would be an useful improvement if the SMFt estimations could be 
extrapolated to the numerous stations with' only precipitation data 
available. With this in view the eventual relationships between esfi- 
mated SMR and mean annual P were studied for the stations where SMR 
estimation was possible. The study concerns Syria, Lebanon, North 
Morocco and Tunisia, four countries.with mediterranean climate. The 
number of selected stations cover nearly all local climate conditions 
inside each country. The results are stated hereafter..* 
4.1. Estimated SM€¿ and mean annual precipitation and air temperature. 
Fig.3, 4 and 5 display the estimated SMR of the stations compared 
with mean annual P and air T. From these figures the following state- 
ments may be drawn. 
a) Definite annual precipitation values may be considered as threshold 
values between the Aridic (plus the intermediate aridic - xeric) SMR. 
and the Xeric SMR. These values are not the same in the different coun- 
tries. 
b) In the climatic conditions of these countries the threshold value 
of P between Aridic and Xeric is practically independant of the mean 
annual air temperature. 
c) Ustic moisture regimes appears, in the ranges of precipitation cor- 
responding to Xeric and to intermediate aridic - xeric, when the mean 
2OOC. Ustic SMR occurs also in Tunisia in 
the highest range of precipitation but with T <  20OC.  ** 
r-  
'1 
annual air temperature is 
i- 
r -  
4.2. Estimated SMR, "dry in all parts" period of the moisture control 
section and mean annual precipitation. 
In Fig.6,7 and 8 the estimation of SMR is represented in a more 
detailed way by means of the total number of days when the MCS is 
"dry in all parts" (as a rule under mediterranean climate these days 
are consecutive ones) . 
that there is a dominant relationship between the estimated SMR and 
the annual precipitation. A consequence of this relationship is the 
possibility of extrapolating the estimated Aridic and Xeric SMR to the 
stations where only precipitation data are available (however if the 
climate is warmer than the average the possibility of a Ustic SMR must 
be kept in mind). A valuable approximation of SMR may thus be provided 
for a number of stations which otherwise would be unused. 
made by using either Thornthwaite's or Penman's potential evapotranspi- 
ration. The results with Penman's PE are few but nevertheless enough 
to draw average curves which allow to estimste the threshold values of 
P between the Aridic and Xeric regimes. These values are, of course, 
The distribution of the stations in the graphs clearly indicates 
Fig 6,  7 and 8 display side by side the result of SMR computations 
~ * Syria and Lebanon: SMF¿ computation by Newhall method ( A. van Vambeke, 
Cornel1 University, ItheÆa. U.S.A.). Graphic method if PE Penman is used. 
Morocco and Tunisia: SMR estimation by graphic method with monthly 
rainfall distribution according to Newhall assumption (P.Billaux, ACSAD) . 
** This estimated Ustic SMR cover a very wide range of moisture condi- 
tions and it is questionable if the definition of Ustic is well fitted 





higher  than  those found by means of Thorntwwnitels PE. I t  is  n o t  pos- 
s i b l e  t o  decide, without f i e l d  meRsurement of SMR, which method is  
t h e  b e t t e r  i n  a given country. Anyw~y t h e  comput4tion with ThornthwRite'a 
PE allows t o  ob ta in  a f a r  g rea t e r  number of es t imat ions  and t h e  method 
i s  widely used to compare t h e  SMR on a world sca le .  
4.3. Comparison of t he  r e l a t ionsh ips  found f o r  Syr ia ,  Lebanon, North 
Morocco and Tunisia. 
The r e l a t ionsh ips  between estimated SMR and average annual preci-  
p i t a t i o n  a r e  compared i n  Fig.9. This f igu re  emphasizes t h e  d i f f e r e n e s  
of t h e  threshold va lues  of P between the  Aridic  and Xeric SMR. Such 
d i f fe rences  r e f l e c t  var ious  reg iona l  c l ima t i c  condi t ions in s ide  the  
general  type of mediterranean climate. Without going i n t o  d e t a i l s ,  l e t  
u8 say t h e t  t he  main f a c t o r  concerned i s  t h e  d i s t r i b u t i o n  of precipi- 
t a t i o n  t,hroughout t he  year. A same level of annual p r e c i p i t a t i o n  is 
d i s t r i b u t e d  i n  Morocco and Tunis ia  through a longer period of t i m e  than  
i n  S y r i a  and Lebanon. 
P E G i M E S  
5, TENTATIVE R.ELATIONS€IIPS BETWEEN ESTIMATED SOIL MOISTURE /AND 
BIOCLIMATIC CLASSIFICATIONS. 
I n  m o s t  count r ies  biocl imat ic  maps a t  var ious  sca l e s  a r e  availa- 
ble. I n  such maps the  b ioc l imat ic  c l a s ses  and subdivis ions are def ined 
. by t h e  va lue  of b ioc l imat ic  indexes computed from t h e  da t a  of meteoro- 
l o g i c a l  s t a t i o n s .  But t h e  boundaries of t he  mapping un i t s ,  s p e c i a l l y  
i n  medium s c a l e  maps, a r e  drawn v i t h  the  he lp  of phytoecological stu- 
d i e s  and surveys. A s  a matter  of f a c t  bioclimrtte c l a s ses  and na tu ra l  
vege ta t ion  a r e  c lose ly  r e l a t ed .  
dependant on t h e  moisture s t a t u s  of t he  s o i l  throughout t h e  year:  t h e  
vege ta t ion  r ep resen t  a na tu ra l  l i n k  between bioclimate c l a s ses  and 
SMR. If t h e r e  i s  a r e l a t i o n s h i p  between b ioc l imat ic  indexes and esti-  
mated SMR (which is very  l i k e l y ,  both being ca l cu la t ed  from c l ima t i c  
da t a )  it w i l l  be poss ib le  t o  use t h e  biocl imat ic  - phytoecological maps 
as a he lp  t o  draw boundary l i n e s  between d iPferen t  estimated SlllR, 
For  t h a t  purpose a comparison has been made between est imated Sh.fq. 
and two of t he  systems of b ioc l imat ic  c l a s s i f i c a t i o n  used i n  mediter- 
ranean count r ies :  the  Bioclimatic S tages  of Emberger and t h e  Bioclima- 
t e s  of Bagnouls and-Gaussen ( f o r  both systems t h e  r e l a t i o n s  with vege- 
t a t i o n  have been wel l  s tud ied) .  
On t h e  o ther  hand, t h e  type of na tu ra l  vege ta t ion  is evident ly  
5.1. Estimated SMR and Mediterranean Biocl imat ic  Stages o f  Emberger. 
I n  t h i s  system t h e  "stages" and "sub-stages" a r e  represented on 
a t:Plwiothermic Climagram" (Fig.  I O )  as func t ions  of t he  "Pluviothermic 
Quotient", Q2,*and of t h e  average minimum tempersture of t h e  co ldes t  
month, m. The l i m i t s  of t he  b ioc l imst ic  s t ages  a r e  drawn according t o  
the  d a t a  of re fe rence  s t a t i o n s  f o r  which the  na tu ra l  vege ta t ion  as w e l l  
as Q 2  and m a r e  thoroughly known. 
P: average annual ra infal l  (m) 
M: average m%. temperature of t h e  w a r m e s t  month (OK) 
-x(M-m) I m: average min. temperature of t h e  co ldes t  month (OK) * .1000 P '2' M + m  2 
. 
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The est imated Shm of var ious  s t a t i o n s  of North Morocco and Tunis ia  
were placed on the climagrams of these  coun t r i e s  (Fig.10 and II). &om 
thesa  f i g u r e s  one can deduce the  fol lowing statements:  
- There is, i n  a general  ray ,  a fa i r ly  good correspondance . of t h e  Ar id ic  (and intermediate  a r i d i c  - x e r i c )  SMR with t h e  Saha- 
r i a n  and Arid mediterranean s tages ,  
.and of t h e  Xeric ShiR with t h e  m i n  p a r t  of t h e  Semi-arid s t age  and 
with the  Sub-humid and Humid s t ages  (except  In t he  upper p a r t  of t h e  
las t  where a Us t i c  SMR occurs i n  Tunis ia) .  
- In  the  d e t a i l s ,  however, t he  t r a n s i t i o n  between Aridic  and Xeric SMR 
i s  d i f f e r e n t  f r o m  one country t o  t he  other :  i n  Tunis ia  it occurs i n  
t h e  lower p a r t  of the  Semi-arid s t age  while inMorocco t h e  t r a n s i t i o n  
va r i ea  from the  upper p a r t  of t he  Aridstage t o  t h e  upper p a r t  of t he  
Semi-arid s t age  according t o  t h e  temperature "m". 
5.2. Estimated SMR and Mediterranean Bioclimetes of Bagnouls and Gaussen. 
I n  t h i s  system the  bioclimates a r e  def ined by the  "Xerothermic 
Ind&, X, which r ep resen t s  t he  number of "b io log ica l ly  dry" days 
during t h e  t o t a l  of the  lldryt' months of t he  year.* The advantage of 
t h i s  index comes f r o m  i t s  tak ing  i n t o  account monthly c l ima t i c  data .  
Unfortunately i t s  computation r equ i r e s  da t a  &v&iloble  only i n  a l i m i -  
t e d  number of s t e t i  ons . 
An example of comparison w i t h  es t imated SMR is given f o r  S y r i a  and 
Lebanon (F ig . I2) ,  with add i t iona l  re ference  t o  the  mean annual tempera- 
tu re .  The correspondance between est imated SIIR and the  biocl imates  is  
evident .  The f i g u r e  shows t h e  t r a n s i t i o n  between Aridic  and Xeric SMR 
f o r  X = 220 (except  i n  cold semi-arid mountains where i t ' $ s  s l i g h t l y  
lower) 
Xeric  SMR occurs a t  o the r  va lues  of X. For ins tance  i n  Tunis ia  (where 
p r e c i p i t a t i o n  i s  d i s t r i b u t e d  during a longer period than i n  S y r i a ) i t  
corresponds t o  X va lues  between I25 and 175. 
I n  o the r  count r ies ,  however, t he  t r a n s i t i o n  between Ar id ic  and 
6. SOME CONCLUSIONS. 
- Concerning t h e  est imated ShtR one must no t  f o r g e t  t h a t  it is  
only an approximation (though an useful one). The ac tua l  moisture regi-  
me depends no t  only on cl imate  but on topographic and edaphic aondi t ions 
and a l s o ,  . in  some cases,  on the  vegetat ion.  I n  each country t h e  relia-. 
b i l i t y  of t he  est imated ShiIR should be checked by means of adequate mois- 
ture measurements i n  t h e  f i e l d ,  i n  some w e l l  chosen r ep resen ta t ive  
s t a t i o n s  . * 19ry1' month i f  P 5  2 T  (P, T: meen monthly r a i n f a l l  and a i r  temp.) 
of a "dry" 
f :  days with fog  or 
N: t o t a l  days 
r: r a i n y  dRys X = {(x of the  cldry" months) 
r e  1 a t i v e  
humidity of 
h=LD i f  
d.7 i f  80 < H < 90 
x of a trdry" month = 
[N - (r +%)) h 
. 
IO 
- In the present state of knowledge in several countries, estima- 
tion of SMF¿ is a necessity for the soil scientists who want to use any 
soil classification system including moisture regime criteria. 
The relationship between estimated SMR and the average annual precipi- 
tation, in a given country, will allow to extend the estimations of SMR 
to a good deal of stations where only P data are available. But such a 
relationship is not totally applicable to another country: the trsnsi- 
- To draw the boundary lines between areRs.with/moisture regimes, 
tion values of P between two moisture regimes are different. I 
¿if+ er! nt 
the knowledge of natural vegetation is probably one of the best ways 
towards a good accuracy. Such bioclimatic maps as are available in 
Morocco and Tunisia, based both on climatic indexes and vegetation stu- 
dies, should be useful in extrapolating the estimated SMR of a station 
to an $rea of similar vegetation. 
In a general ray, any available phyto-ecological study and map should 
be taken in consideration by soil cartographers concerned with SMR. 
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i2 Azrou 
í3 Oue mane 
i4 Chechaouene 
55 I f r a n e '  
56 Zoumi 
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7 S f a x  
8 Jlar%"rs 
O E l  D j e n l  
T O  Kairouan 
11 Sousse 
2 X I  anmiame t 
3 Medjez e l  Bab 
[4 Soliman 
16 'Phala 
I7 Mepzel b.Zelfa 
I8 Sou$ e l  Arban, 





24 Le Kef 
25 T e  bour s ouk 
26 Dar Chichou 
27 I,e Thibar 
28 Beja 
29 B ize r t e  
30 Sedjenclne , 
33 TRbarka 
32 E l  Feid,ja 
33 Ain &aham 
Carthage 
S y r i a  
'I Sabaa E a r  
2 Jaba1 e l  Tenf 
3 Abu K a m a 1  
4 Qaryatein 
5 Damascus a i r p o r  
6 D e i r  ez Zor  agr  
8 l'almyra 
9 Nrtbek 
I O  Deir e l  I la j ja r  
II E l  Kom 
12 Kharabo 
I 3  Deir ez  Zor st- 
I4 IIassia 
I5 Abu ITureireh 
16 Marqndeh 
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35 I z r a a  
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37 Je rab lus  
38 Rleppo 
39 Hama  
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40 Qamishli 
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48 E l  Himeh 
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3: lioch Dahab 
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